human immunodeficiency virus 1 (HIV-1), xenotropic murine leukemia-related virus (XMRV), human T-cell leukemia virus-1 (HTLV-I), prototype foamy virus (PFV), Rous sarcoma virus (RSV), mouse mammary tumor virus (MMTV). Retroelements were selected to represent the most diverse sequences based on phylogenetic analysis of the RT sequence. For all sequences the active site residues are highlighted in yellow. For Ty3 RT sequence residues involved in RNA stabilization are highlighted in red, and DNA interaction in blue. Dimer interface residues are highlighted in gray.
Numbers on the top of the alignment correspond to Ty3 RT residues. 1RTD 1 ). Identical residues are marked with '*' and similar ones with ':'. Secondary structure elements are shown as tubes (helices) and arrows (strands) and labeled and colored as in Figure 1 .
Part of the C-terminal region of Ty3 RNase H domain adopts different conformation in subunits A and B and therefore, two secondary structure assignments are given and fragments not observed in the structure are marked with '~'. Active site residues of the DNA polymerase and RNase H (for Ty3) domains are highlighted in yellow. Note the similarity in structural organization between the HIV-1 RT p66 connection subdomain and the Ty3 RNase H domain. Critical active site residues of the Ty3 RNase H domain are Asp358, Glu401, Asp426, and Asp469, which are superimposable with their counterparts of cellular enzymes ( Supplementary Fig   5a) , although their match is not as good as between human and bacterial RNase H1, indicating that the geometry of metal ion and scissile phosphate binding is also altered. D358N, E401Q and D426N substitutions eliminated RNase H activity and an D469N mutation led to its reduction, while all mutations prevented transposition 4 . One feature of Ty3 RT noted previously 4, 5 is the lack of a loop located proximal to the active site harboring a histidine residue (His264 in human RNase H1 and His539 in HIV-1 RNase H), whose conservation has led to the postulation that it assists product dissociation following hydrolysis 3 . The corresponding loop is shorter in Ty3 RT and no histidine equivalent was identified. These differences notwithstanding, conservation of the active site and the constraints of the geometry of metal ion and scissile phosphate binding imply that interactions with the RNA strand at and around the RNase H active site of Ty3 RT are similar to those described for cellular enzymes 2, 3 . Based on this assumption, Arg473 and Tyr459, located close to the active site, are positioned to interact with the backbone of the RNA strand. The first is well conserved among Gypsy retroelements ( Supplementary Fig 2) and mutating the second to Ala greatly reduced RNase H activity 4 . Another residue studied biochemically was His427, whose substitutions reduced RNase H activity 4 . In our structure, this residue is located close to the active site and plays a structural role.
Supplementary
Since nucleic acid in our structure does not occupy the RNase H active site, we attempted to define interactions required for productive substrate binding by Ty3 RNase H by superposing this domain on the structures of substrate complexes of cellular enzymes 2, 3 . A putative Ty3 RNase H substrate interface thus defined has a very different composition compared to cellular enzymes, and most of the elements shown to mediate substrate binding in cellular RNases H1 are missing. For example C-terminal residues of the first -sheet of the RNase H fold in bacterial and human RNase H1 mediate contacts with 2′-OH groups on the 3′ side of active site and have been postulated important for substrate specificity 2, 3 . Since this strand is shorter in Ty3 RT, no such 2′-OH interactions can be established. In cellular RNases H1 several residues interact with the base edges of the minor groove of the substrate (e.g. Glu449, Asn474 and Gln475 of HIV-1 RNase H). No such interactions could be identified for Ty3 RNase H. Another critical element of the substrate interface in cellular enzymes is the phosphate-binding pocket, formed by two to four residues and tightly binding a phosphate group of the DNA, leading to its deformation (Fig 2c, d, e ). These deformations are only possible for DNA, which serves for its recognition. The most conserved residue of the phosphate pocket is a Thr or Ser located at the N-terminus of the first helix of the RNase H fold 3 .
This residue is critical to activity of E. coli RNase H 6 and HIV-1 RT 7 . No phosphate-binding pocket or equivalents of this Thr were identified in Ty3 RNase H. Taken together, these observations suggest that, although the active site of Ty3 RNase H likely functions through a very similar mechanism to cellular enzymes, the mode of RNA-DNA binding may involve fewer contacts with nucleic acid, and in particular with the DNA strand.
Ty3 RNase H domain is structurally similar to the HIV-1 connection subdomain (Fig 2a, b) .
However, no functional residues can be identified in the latter, including amino acids forming the active site and substrate binding residues, in agreement with the fact that the connection subdomain lost its catalytic function.
